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(54) BARRIER FILM 

(57)Abstract 

PROBLEM TO BE SOLVED: To prepare a barrier film 
having excellent gas barrier capacity. 
SOLUTION: In the barrier film arranged between two 
regions different in the concentration of predetermined 
atoms or molecules and preventing these atoms or 
molecules from penetrating and diffusing from the high 
concentration region to the low concentration region, at 
least a partial region in the thickness direction of the 
barrier film is set so as to become higher than the high 
concentration region in the concentration of the 
predetermined atoms or molecules. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shows the word which can not be 

translated. 

3. In the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] Barrier film with which it is 
allotted between the fields which are two 
from which the concentration of a 
predetermined atom or a molecule differs, 
and these atoms or a molecule is 
characterized by the thing of the 
thickness direction set up so that the 
concentration of the above-mentioned 
predetermined atom or a molecule may 
become high in part at least rather than 
the field where the above-mentioned 
concentration has a high field in the 
barrier film which prevents being 
invaded and spread to a low field from 
the field where concentration is high. 
[Claim 2] Barrier film according to claim 
1 characterized by having the 
concentration gradient to which the 
concentration of the above-mentioned 
predetermined atom or a molecule 
becomes high toward the field side where 



the above-mentioned concentration is low 
in the thickness direction of the 
above-mentioned barrier film from the 
field side where the above-mentioned 
concentration is high. 
[Claim 3] Barrier film according to claim 
2 characterized by consisting of 
multilayers which carried out the 
laminating of the film with which the 
concentration of the above-mentioned 
predetermined atom or a molecule differs. 
[Claim 4] The surface by the side of the 
field where the above-mentioned 
concentration is high at least is barrier 
film according to claim 1 characterized by 
being set up in the thickness direction of 
the above-mentioned barrier film so that 
the concentration of the above-mentioned 
predetermined atom or a molecule may 
become high rather than the high field of 
the above-mentioned concentration. 
[Claim 5] Barrier film according to claim 
1 with which a field is characterized by 
the thing which was set up so that the 
concentration of the above-mentioned 
predetermined atom or a molecule might 
become high rather than the field where 
the above-mentioned concentration is 
high, and to which it comes to carry out 
the ion implantation of an atom or a 
molecule predetermined 
[ above-mentioned ] in part. 
[Claim 6] Barrier film according to claim 
1 which an atom or a molecule 
predetermined [ above-mentioned ] is 
oxygen, the field where the 
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above-mentioned concentration is high is 
atmospheric air, and the oxygen density 
of the surface by the side of the field 
where the above-mentioned 

concentration is high is more than 20 
volume %, and is characterized by 
preventing invasion and diffusion of the 
oxygen in the above - mentioned 
atmospheric air. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is 
allotted between the fields which are two 
from which the concentration of a specific 
atom or a molecule differs, and relates to 
the barrier film which prevents invasion 
and diffusion of a specific atom or a 
molecule between the two fields 
concerned. 
[0002] 

[Description of the Prior Art] As a 
substrate for electron devices, inorganic 
materials, such as Si wafer and glass, 
have been used widely conventionally. 
However, since flexible-izing of 
lightweight-izing of a product and a 
substrate, lowcostizing, a handling 
property, etc. are various, a 
macromolecule substrate is desired in 
recent years. However, the permeability 
of polymeric materials of gas is 
remarkably large in comparison with 
inorganic materials, such as glass. 



Therefore, when a giant-molecule 
substrate is used as a substrate for 
electron devices, there is a problem of ** 
of a device oxidizing by the oxygen which 
penetrated the giant-molecule substrate, 
and was invaded and diffused in the 
electron device, and deteriorating and 
that the required degree of vacuum in an 
electron device is unmaintainable. For 
example, in JP,2-251429,A or 
JP,6- 124785, A, the high polymer film is 
used as a substrate of an organic EL 
device. However, since the organic film 
deteriorates with oxygen and the steam 
which penetrate the high polymer film 
which is a substrate and invade in an 
organic EL device, in the case of these 
organic EL devices, it becomes 
inadequate [ a luminescence property ], 
and it can consider problems, like anxiety 
is in endurance. 
[0003] 

[Problem(s) to be Solved by the 
Invention] By the way, forming thin films, 
such as aluminum, in a high polymer film 
front face, and preventing invasion and 
diffusion of a predetermined atom or a 
molecule by using this thin film as the 
gas barrier film conventionally, is 
performed. Such technique is mainly 
used in the hood package. Then, also in 
the field of an electron device, to prevent 
invasion and diffusion of gas etc. by the 
technique using gas barrier film which 
was mentioned above is beginning to be 
tried. However, when polymeric 
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materials are used as an electron device 
substrate, for example, the gas barrier 
property ability of the conventional gas 
barrier film is inadequate, and good 
quality cannot be secured. That is, the 
actual condition is that the gas barrier 
film equipped with the outstanding gas 
barrier property ability which can secure 
good quality is not yet established. 
[0004] Therefore, it is originated in view 
of the conventional actual condition 
mentioned above, and this invention aims 
at offering the gas barrier film which has 
the outstanding gas barrier property 
ability. 
[0005] 

[Means for Solving the Problem] The 
barrier film concerning this invention is 
arranged between the fields which are 
two from which the concentration of a 
predetermined atom or a molecule (it is 
hereafter written as a predetermined 
atom.) differs. These atoms or a molecule 
is characterized by the thing of the 
thickness direction set up so that the 
concentration of a predetermined atom or 
a molecule may become high in part at 
least rather than the field where the field 
of concentration is high in the barrier 
film which prevents being invaded and 
spread to a low field from the field where 
concentration is high. 
[0006] the barrier film concerning this 
invention - the thickness direction of the 
barrier film - setting -- the thickness 
direction it is set up so that the 



concentration of a predetermined atom 
may become high in part at least rather 
than the field where the field of 
concentration is high. And invasion and 
diffusion of an atom are done toward the 
field where concentration is low from the 
field where concentration is high. 
Therefore, the predetermined atom which 
exists in the field where concentration is 
high cannot penetrate the field set up so 
that the concentration of a predetermined 
atom or a molecule might become high 
rather than the field where the 
concentration which exists in the barrier 
film is high. That is, the predetermined 
atom which exists in the field where 
concentration is high cannot penetrate 
the barrier film. 

[0007] Therefore, it is prevented that the 
atom which exists in the field where the 
concentration of a predetermined atom is 
high is invaded and spread to the field 
where the concentration of a 
predetermined atom is low. 
[0008] 

[Embodiment of the Invention] Hereafter, 
the gestalt of operation concerning this 
invention is explained to a detail with 
reference to a drawing. In addition, this 
invention can be suitably changed in the 
range which is not limited to the 
following examples and does not deviate 
from the summary of this invention. The 
barrier film is arranged between the 
fields which are two from which the 
concentration of a predetermined atom or 
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a molecule (it is hereafter written as a 
predetermined atom.) differs, and the 
case where a predetermined atom, i.e., 
the diffusion atom set as the object of 
diffusion prevention, or a molecule (it is 
hereafter written as a diffusion atom.) 
prevents being invaded and spread to the 
field where concentration is low from the 
field where the concentration of a 
predetermined atom is high between two 
fields considers. In this case, generally 
the qualitative process of diffusion of the 
atom between two fields which sandwich 
the barrier film is explained as follows. In 
addition, it shall suppose that two 
predetermined fields consist of fields A 
where the diffusion atom set as the object 
of diffusion prevention exists, and fields 
B where a diffusion atom does not exist, 
and the barrier film shall be arranged 
between Fields A and Fields B concerned 
here. 

[0009] First, the diffusion atom with 
which the diffusion atom touched the 
interface G of Field A and the barrier film 
1 in the condition of having diffused the 
inside of Field A as shown in drawing 1 
penetrates the interface C of Field A and 
the barrier film 1 immediately, as shown 
in drawing 2 , and it melts into barrier 
film 1 surface by the side of Field A. 
Generally this process is called 
dissolution process of a diffusion atom. 
[0010] Next, the diffusion atom which 
melted into the barrier film l spreads by 
diffusing the inside of the barrier film l 



freely according to the concentration 
gradient produced when a diffusion atom 
dissolved in barrier film 1 front face by 
the side of Field A. Then, a diffusion atom 
reaches the interface D of the barrier film 
1 and Field B. Generally this process is 
called diffusion process. Moreover, in this 
process, in the diffusion atom which 
arrived at barrier film 1 front face by the 
side of Field B, as shown in drawing 3 , 
the interface D of the barrier film 1 and 
Field B is penetrated, and the diffusion 
atom invaded and diffused to Field B 
appears. 

[00 11] Although this condition is still an 
unstationary state, if predetermined time 
amount passes soon, as shown in drawing 
4 , the concentration gradient of the 
diffusion atom in the inside of the barrier 
film 1 or a molecule will come to show 
linear distribution in the thickness 
direction of the barrier film 1, and will be 
in a steady state. When it comes to this 
steady state, the amount per unit time 
amount of the atom which penetrates the 
barrier film 1 and is diffused from Field A 
to Field B becomes fixed. 
[0012] The flow consistency (the number 
of the atoms which pass the unit area in a 
solid-state to unit time amount) Q which 
will pass through the inside of the 
solid-state which consists of a heteroatom 
of a predetermined atom if it thinks in a 
single dimension that it **l**(ed) here is 
[0013], when the atomic consistency is set 
to c and it sets thickness of D and the 



4/20 



JP2002-18246A 



barrier film 1 to x for a diffusion 

coefficient. 

[Equation l] 

Q = -D (d c/dx) 

[0014] It is expressed (Fick's law). The 
flow consistency [ in / in this formula / 
diffusion ] Q is proportional to a 
concentration gradient (dc/dx) about that 
magnitude, and means that a 
concentration gradient spreads from the 
higher, the reverse sense, i.e., 
concentration^ one in the one where 
concentration is lower about that sense. 
[0015] Then, in order to protect diffusion 
of a diffusion atom from one interface C 
to the interface D of another side in the 
barrier film 1, the barrier film 1 
concerning this invention is characterized 
by having the field where the 
concentration of a diffusion atom is 
higher than the concentration of the 
diffusion atom in Field A in the thickness 
direction of the barrier film 1. 
[0016] That is, by the barrier film 1 
concerning this invention, it has the field 
which has concentration higher than the 
concentration in Field A about the 
thickness direction of the barrier film 1 
about a predetermined atom. Therefore, 
into the barrier film 1, across the field in 
the barrier film 1, the atom invaded and 
diffused cannot be penetrated and cannot 
advance first from Field A. Consequently, 
a predetermined atom cannot reach the 
interface of Field B and the barrier film 1, 



but it is prevented from Field A to Field B 
that a predetermined atom is invaded 
and spread. 

[0017] Here, it has joined together in the 
sufficiently stable condition, and an atom 
diffuses the inside of the barrier film 1, 
and the atom in the barrier film 1 
concerning this invention penetrates the 
interface C of Field A and the barrier film 
1, and the interface D of Field B and the 
barrier film 1, and does not move out of 
the barrier film 1. This has an unstable 
atom in the barrier film 1, and when it is 
in the condition that it can be spread 
freely (for example, when the diffusion 
atom set as the object of invasion / 
diffusion prevention by the barrier film 1 
exists in the barrier film l), it is because 
the diffusion atom in the barrier film 1 is 
invaded and spread to Field B and the 
effectiveness using the barrier film 1 
decreases. 

[0018] As such barrier film 1, it is 
possible to take various gestalten. 
[0019] For example, the barrier film 1 as 
shown in drawing 5 can be mentioned as 
an example of 1 configuration of the 
barrier film 1 concerning this invention. 
Drawing 5 is the mimetic diagram 
showing the condition that the barrier 
film 1 which applied this invention 
between the fields B where the 
concentration of a diffusion atom is low is 
arranged, and invasion and diffusion of 
the predetermined diffusion atom to Field 
B are prevented from Field A from the 
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field A where the diffusion atom set as 
the object of diffusion prevention exists 
by predetermined concentration, and 
Field A. 

[0020] And this barrier film 1 has initial 
concentration distribution, i.e., a 
concentration gradient, as shown in 
drawing 5 in the predetermined diffusion 
atom. This barrier film 1 is specifically 
set to the interface C of Field A and the 
barrier film 1, i.e., barrier film 1 front 
face by the side of Field A. It goes [ in / in 
a predetermined diffusion atom, 
concentration is lower than Field A, and / 
the thickness direction of the barrier film 
1 ] in the direction of field B from there. 
The concentration of a predetermined 
diffusion atom increases and it has the 
concentration gradient to which the 
concentration of a predetermined 
diffusion atom becomes high from Field A 
at the interface of the barrier film 1 and 
Field B, i:e., barrier film 1 front face by 
the side of Field B. 

[0021] And in drawing 5 , if the diffusion 
atom which exists in Field A touches the 
interface C of Field A and the barrier film 
1, it will penetrate this and will melt into 
barrier film 1 surface by the side of Field 
A. And the diffusion atom which invaded 
into the barrier film 1 spreads by 
diffusing the inside of the barrier film 1 
freely according to the concentration 
gradient produced when a diffusion atom 
dissolved in barrier film 1 surface by the 
side of Field A. That is, it goes into the 



dissolution process of the diffusion atom 
mentioned above. 

[0022] However, by this barrier film 1, 
since the predetermined concentration 
gradient mentioned above in the 
thickness direction of the barrier film 1 
about the target diffusion atom is 
established, it invades from Field A, and 
the atom to diffuse cannot be in 
concentration, abbreviation, etc. in Field 
A by carrying out in the thickness 
direction of the barrier film 1, and can be 
diffused only to the Eth page which is 
concentration. That is, in the thickness 
direction of the barrier film 1, since the 
concentration of a diffusion atom becomes 
higher than the concentration of the 
diffusion atom of Field A rather than the 
Eth page as for Field B side, the diffusion 
atom which invaded from Field A cannot 
be diffused in Field B side more than the 
Eth page in the thickness direction of the 
barrier film 1. Therefore, since a diffusion 
atom cannot be invaded and diffused to 
Field A out of the barrier film 1, being 
invaded and spread is prevented from 
Field A to Field B. 

[0023] Moreover, you may consider as the 
barrier film 1 as shown in drawing 6 as 
other examples for which the barrier film 
1 has a predetermined concentration 
gradient in the thickness direction of the 
barrier film 1 about a diffusion atom. 
That is, the barrier film 1 shown in 
drawing has initial concentration 
distribution, i.e., a concentration gradient, 
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as shown in drawing 6 in the 
predetermined diffusion atom. This 
barrier film 1 is specifically set to the 
interface C of Field A and the barrier film 
1, i.e., barrier film 1 front face by the side 
of Field A. In a predetermined diffusion 
atom, have the concentration of Field A 
and an abbreviation EQC, and it goes in 
the direction of field B in the thickness 
direction of the barrier film 1 from there. 
The concentration of a predetermined 
diffusion atom increases and it has the 
concentration gradient to which the 
concentration of a predetermined 
diffusion atom becomes high from Field A 
at the interface of the barrier film 1 and 
Field B, i.e., barrier film 1 front face by 
the side of Field B. 

[0024] And in drawing 6 , even if the 
diffusion atom which exists in Field A 
touches the interface C of Field A and the 
barrier film 1, since barrier film 1 front 
face by the side of Field A has the 
concentration of Field A and an 
abbreviation EQC in a predetermined 
diffusion atom, it cannot penetrate the 
interface C of Field A and the barrier film 
1, and cannot melt into barrier film 1 
surface by the side of Field A. That is, a 
diffusion atom cannot be invaded and 
diffused in the barrier film 1 from Field A. 
Therefore, it is prevented by using this 
barrier film 1 that the diffusion atom 
which exists in Field A is invaded and 
spread to Field B. 

[0025] Moreover, in the above, it cannot 



say that there is no atom which exceeds 
the Eth page in the thickness direction of 
the barrier film 1, and is invaded and 
diffused at Field B side, but there is a 
possibility that the diffusion atom which 
exceeds the Eth page, and is invaded and 
diffused at Field B side may exist also 
with a minute amount. That is, in the 
case of the barrier film 1 which has a 
concentration gradient to which the Eth 
page exists in the surface of the barrier 
film 1 by the side of Field B, in the 
barrier film 1 which has the 
concentration gradient of the diffusion 
atom mentioned above, there is a 
possibility that the diffusion atom which 
exceeds the Eth page, and is invaded and 
diffused at Field B side may exist also 
with a minute amount. In such a case, it 
must prevent that the diffusion atom 
exceeding such Eth page is invaded and 
spread to Field B rather than the Eth 
page according to the effectiveness of the 
concentration gradient of the barrier film 
1 by the side of Field B and the Eth page, 
and the barrier film 1 and distance with 
the interface D with Field B. 
[0026] Therefore, in order to prevent 
certainly the invasion and diffusion to the 
field B of a diffusion atom, the location of 
the Eth page in the thickness direction of 
the barrier film 1 needs to take into 
consideration and determine the 
concentration gradient which can prevent 
diffusion of the diffusion atom exceeding 
the Eth page certainly, and the distance 
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of the interface D with Field B, and the 
Eth page [ the barrier film 1 and ]. 
[0027] Moreover, although the barrier 
film 1 which has the concentration 
gradient of the diffusion atom mentioned 
above is formed by monolayer, it may be 
made into the multilayers to which the 
laminating of two or more film was 
carried out. That is, in the predetermined 
concentration gradient mentioned above 
as a whole, i.e., the thickness direction of 
the barrier film 1, the barrier film 1 
which has the field where the 
concentration of a diffusion atom is high 
may consist of concentration of the 
diffusion atom in Field A by carrying out 
the laminating of the film which has a 
predetermined concentration gradient. 
[0028] That is, as shown, for example in 
drawing 7 , the laminating of the film 
[ with which the barrier film 1 has a 
predetermined concentration gradient 
about a predetermined diffusion atom / 
la lb, lc, and Id ] film of four layers may 
be carried out, and it may be constituted. 
Moreover, the relation between Field A 
and the barrier film 1 and the relation 
between Field B and the barrier film 1, 
for example, adhesion etc., may be taken 
into consideration in this case, and the 
quality of the material of the film of each 
class may be changed and formed. 
[0029] And the diffusion atom with which 
the invasion and diffusion to Field B are 
prevented by the barrier film 1 from Field 
A can prevent invasion and diffusion of 



two or more diffusion atoms by forming 
the concentration gradient of a diffusion 
atom which is not limited to one kind and 
is different on the barrier film 1, 
respectively. 

[0030] That is, as shown, for example in 
drawing 8 , the barrier film 1 may be 
considered as the configuration which 
has a predetermined concentration 
gradient about the predetermined 
diffusion atom X, and a predetermined 
concentration gradient about the 
predetermined diffusion atom Y. With the 
predetermined concentration gradient 
about the diffusion atom X here It 
specifically sets to the interface C of Field 
A and the barrier film 1, i.e., barrier film 
1 front face by the side of Field A. It goes 
[ in / in the diffusion atom X, 
concentration is lower than Field A, and / 
the thickness direction of the barrier film 
1 ] in the direction of field B from there. 
The concentration of the diffusion atom X 
increases and it is the concentration 
gradient to which the concentration of the 
diffusion atom X becomes high from Field 
A in the interface of the barrier film 1 and 
Field B, i.e., barrier film 1 front face by 
the side of Field B. With moreover, the 
predetermined concentration gradient 
about the diffusion atom Y It specifically 
sets to the interface C of Field A and the 
barrier film 1, i.e., barrier film 1 front 
face by the side of Field A. It goes [ in / in 
the diffusion atom Y, concentration is 
lower than Field A, and / the thickness 
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direction of the barrier film 1 ] in the 
direction of field B from there. The 
concentration of the diffusion atom Y 
increases and it is the concentration 
gradient to which the concentration of the 
diffusion atom Y becomes high from Field 
A in the interface of the barrier film 1 and 
Field B, i.e., barrier film 1 front face by 
the side of Field B. By considering the 
barrier film 1 as such a configuration, the 
invasion and diffusion to Field B can be 
prevented with 11 layers of barrier film 
from the field A of two kinds of diffusion 
atoms, the diffusion atom X and the 
diffusion atom Y. 

[0031] Furthermore, when the 
concentration gradient of the diffusion 
atom with which plurality differs on the 
barrier film 1 of one layer cannot be 
formed, you may make it prevent 
invasion and diffusion of two or more 
diffusion atoms by carrying out the 
laminating of two or more film which has 
a concentration gradient about a 
diffusion atom different, respectively. 
[0032] That is, as shown, for example in 
drawing 9 , the barrier film 1 may be 
considered as the configuration which 
carried out the laminating of the If of the 
film which has a predetermined 
concentration gradient about the 
predetermined diffusion atom Y to film le 
which has a predetermined concentration 
gradient about the predetermined 
diffusion atom X. With the predetermined 
concentration gradient about the 



diffusion atom X here It specifically sets 
to the interface C of Field A and the 
barrier film 1, i.e., barrier film 1 front 
face by the side of Field A. In the 
thickness direction of the barrier film 1, it 
goes in the direction of field B from there 
where Field A and concentration spread 
abbreviation etc. in the diffusion atom X. 
The concentration of the diffusion atom X 
increases and it is the concentration 
gradient to which the concentration of the 
diffusion atom X becomes high from Field 
A in the interface of the barrier film 1 and 
Field B, i.e., barrier film 1 front face by 
the side of Field B. With moreover, the 
predetermined concentration gradient 
about the diffusion atom Y It specifically 
sets to the interface C of Field A and the 
barrier film 1, i.e., barrier film 1 front 
face by the side of Field A. In the 
thickness direction of the barrier film 1, it 
goes in the direction of field B from there 
where Field A and concentration spread 
abbreviation etc. in the diffusion atom Y. 
The concentration of the diffusion atom Y 
increases and it is the concentration 
gradient to which the concentration of the 
diffusion atom Y becomes high from Field 
A in the interface of the barrier film 1 and 
Field B, i.e., barrier film 1 front face by 
the side of Field B. By considering the 
barrier film as such a configuration, the 
invasion and diffusion to Field B can be 
prevented from the field A of two kinds of 
diffusion atoms, the diffusion atom X and 
the diffusion atom Y 
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[0033] Moreover, the barrier film 1 as 
shown in drawing 10 can be mentioned as 
other examples of a configuration of the 
barrier film 1 concerning this invention. 
Drawing 10 is the mimetic diagram 
showing the condition that the barrier 
film 1 which applied this invention 
between the fields B where the 
concentration of a diffusion atom is low is 
arranged, and invasion and diffusion of 
the predetermined diffusion atom to Field 
B are prevented from Field A from the 
field A where the diffusion atom set as 
the object of diffusion prevention exists 
by predetermined concentration, and 
Field A. 

[0034] And this barrier film 1 has initial 
concentration distribution as shown in 
drawing 10 in the predetermined 
diffusion atom. Specifically, let this 
barrier film 1 be predetermined 
homogeneity concentration higher than 
Field A in the predetermined diffusion 
atom in the thickness direction of the 
barrier film 1 to the interface of Field B 
and the barrier film 1, i.e., barrier film 1 
front face by the side of Field B, from the 
interface C of Field A and the barrier film 
1, i.e., barrier film 1 front face by the side 
of Field A. 

[0035] And in drawing 10 , even if the 
diffusion atom which exists in Field A 
touches the interface C of Field A and the 
barrier film 1, since barrier film 1 front 
face by the side of Field A has 
concentration higher than Field A in a 



predetermined diffusion atom, it cannot 
penetrate the interface C of Field A and 
the barrier film 1, and cannot melt into 
barrier film 1 surface by the side of Field 
A. That is, the diffusion atom which 
exists in Field A cannot be invaded and 
diffused in the barrier film 1 from Field A. 
Therefore, it is prevented by using this 
barrier film 1 that a diffusion atom is 
invaded and spread to Field B. 
[0036] Here, the barrier film 1 haves to be 
made into predetermined homogeneity 
concentration higher than Field A in a 
predetermined diffusion atom in no 
locations in the thickness direction of the 
barrier film 1 to the interface of Field B 
and the barrier film 1, i.e., barrier film 1 
front face by the side of Field B, from the 
interface C of Field A and the barrier film 
1, i.e., barrier film 1 front face by the side 
of Field A. That is, in the thickness 
direction of the barrier film 1, only 
predetermined thickness should be made 
into predetermined concentration higher 
than Field A to a position from barrier 
film 1 front face by the side of Field A. 
Here, predetermined thickness means 
the thickness of extent which can prevent 
certainly invasion and diffusion of the 
predetermined atom from Field A. 
[0037] Moreover, the diffusion atom with 
which the invasion and diffusion to Field 
B are prevented by the barrier film 1 
from Field A in the case of this barrier 
film 1 can prevent invasion and diffusion 
of two or more diffusion atoms by forming 
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the concentration gradient of a diffusion 
atom which is not limited to one kind and 
is different on the barrier film 1, 
respectively. 

[0038] That is, as shown, for example in 
drawing 11 , the barrier film 1 may be 
considered as the configuration which 
has the predetermined concentration 
about the predetermined diffusion atom 
X, and the predetermined concentration 
about the predetermined diffusion atom Y. 
Here, the predetermined concentration 
about the diffusion atom X is 
concentration higher than the 
concentration of the diffusion atom X in 
Field A. Moreover, the predetermined 
concentration about the diffusion atom Y 
is concentration higher than the 
concentration of the diffusion atom Y in 
Field A. By considering the barrier film 1 
as such a configuration, the invasion and 
diffusion to Field B can be prevented with 
the barrier film 1 from the field A of two 
kinds of diffusion atoms, the diffusion 
atom X and the diffusion atom Y 
[0039] Furthermore, when the 
concentration gradient of the diffusion 
atom with which plurality differs on the 
barrier film 1 of one layer cannot be 
formed, you may make it prevent 
invasion and diffusion of two or more 
diffusion atoms by carrying out the 
laminating of two or more film which has 
a concentration gradient about a 
diffusion atom different, respectively. 
[0040] That is, as shown, for example in 



drawing 12 , the barrier film 1 may be 
considered as the configuration which 
carried out the laminating of lg of film 
which has predetermined concentration 
about the predetermined diffusion atom 
X, and the lh of the film which has 
predetermined concentration about the 
predetermined diffusion atom Y. Here, 
the predetermined concentration about 
the diffusion atom X is concentration 
higher than the concentration of the 
diffusion atom X in Field A. Moreover, the 
predetermined concentration about the 
diffusion atom Y is concentration higher 
than the concentration of the diffusion 
atom Y in Field A. By considering the 
barrier film 1 as such a configuration, the 
invasion and diffusion to Field B can be 
prevented from the field A of two kinds of 
diffusion atoms, the diffusion atom X and 
the diffusion atom Y 

[0041] Moreover, although the example 
mentioned above is the barrier film 1 
with which the predetermined 
concentration gradient about a 
predetermined diffusion atom was 
formed in coincidence in case it forms the 
barrier film 1, as for the barrier film 1 
concerning this invention, the 
predetermined concentration gradient 
about a predetermined diffusion atom 
may be formed after barrier film 1 
formation. As such barrier film 1, what 
formed the concentration gradient about 
a predetermined diffusion atom by the 
ion implantation is mentioned after the 
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usual barrier film 1 formation, for 
example. 

[0042] Drawing 13 is the mimetic 
diagram having shown the concentration 
gradient of the ion notes Irihara child at 
the time of performing an ion 
implantation to a macromolecule 
substrate. That is, when the ion 
implantation of the predetermined 
diffusion atom is carried out to the usual 
barrier film 1, in the thickness direction 
of the barrier film 1, the same 
concentration gradient as drawing 13 can 
be acquired. 

[0043] That is, as shown, for example in 
drawing 14 , the barrier film 1 which has 
a predetermined concentration gradient 
about a predetermined diffusion atom can 
be constituted. This barrier film 1 has 
initial concentration distribution as 
shown in drawing 14 in the 
predetermined diffusion atom. In the 
thickness direction of the interface C of 
Field A and the barrier film 1, i.e., barrier 
film 1 front face by the side of Field A, to 
the barrier film 1, the concentration of a 
diffusion atom becomes high toward the 
direction of field B to the Fth 
predetermined page, and, specifically, 
this barrier film 1 has the concentration 
gradient to which the concentration of a 
diffusion atom becomes low toward the 
direction of field B from the Fth more 
page. 

[0044] And in drawing 14 , even if the 
diffusion atom which exists in Field A 



touches the interface C of Field A and the 
barrier film 1, since barrier film l front 
face by the side of Field A has 
concentration higher than Field A in a 
predetermined diffusion atom, it cannot 
penetrate the interface C of Field A and 
the barrier film 1, and cannot melt into 
barrier film 1 surface by the side of Field 
A. That is, the diffusion atom which 
exists in Field A cannot be invaded and 
diffused in the barrier film 1 from Field A. 
Therefore, it is prevented by using this 
barrier film 1 that a diffusion atom is 
invaded and spread to Field B. 
[0045] Moreover, since the oxygen density 
in atmospheric aix is abbreviation 20 
volume % when a predetermined 
diffusion atom tends to form in a base 
material the barrier film which is oxygen 
and is applied to this invention, and 
tends to prevent invasion and diffusion of 
the oxygen in atmospheric air, for 
example and it thinks in piles for the 
example mentioned above, the 
concentration of the predetermined 
diffusion atom of Field A will call it 
abbreviation 20 volume %. Namely, what 
is necessary is just to consider the barrier 
film as the configuration in which an 
oxygen density has a field higher than 
abbreviation 20 volume % in the 
thickness direction of the barrier film 1 
concerned by the barrier film concerning 
this invention, in order to prevent 
invasion and diffusion of the oxygen in 
atmospheric air. For example, the barrier 
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film is good also as a configuration which 
has 25% of uniform oxygen density 
toward the front face by the side of a base 
material in the thickness direction of the 
barrier film concerned from the front face 
of the barrier film by the side of 
atmospheric air. 

[0046] Even if the oxygen atom which 
exists in atmospheric air by considering 
as such a configuration touches the 
interface of atmospheric air and the 
barrier film, since it has an oxygen 
density with the barrier film front face 
higher than the inside of atmospheric air 
by the side of atmospheric air, it cannot 
penetrate the interface of atmospheric air 
and the barrier film, and cannot melt into 
the barrier film surface by the side of 
atmospheric air. That is, the oxygen atom 
in atmospheric air cannot be invaded and 
diffused in the barrier film out of 
atmospheric air. Therefore, it is 
prevented by using this barrier film that 
the oxygen atom in atmospheric air is 
invaded and spread to a base material. 
[0047] Moreover, barrier film which was 
mentioned above can be used in various 
fields, such as electron devices, such as 
for example, an organic EREKUROTO 
luminescence component (it is hereafter 
called an organic EL device.), and a 
semiconductor device. 
[0048] Drawing 15 is the important 
section sectional view showing an 
example which applied the barrier film 
concerning this invention to the organic 



electroluminescent element (it is 
hereafter called an organic EL device.). 
[0049] The 1st electrode 13 whose organic 
EL device 11 is the anode plate where it 
was formed on the 1 principal plane of 
the film-like plastic plate 12 and the 
film like plastic plate 12, The organic 
electroluminescence layer 19 formed on 
the anode plate which is the 1st electrode 
13, and the cathode which is the 2nd 
electrode 17 formed on the organic 
electroluminescence layer 19, It has the 
barrier film which is the protective layer 
18 formed so that the cathode and the 
organic EL device 11 which are the 2nd 
electrode 17 might be covered, and the 
barrier film which is the protective layer 
18 formed on the other principal planes of 
a film like plastic plate, and is 
constituted. 

[0050] The film-like plastic plate 12 
serves as a base material of an organic 
EL device 11, and each class - which 
constitutes an organic EL. device 11 is 
formed on this film-like plastic plate 12. 
As an ingredient used for the film -like 
plastic plate 12, it is PET (polyethylene 
terephthalate etc. can be used suitably), 
for example. Moreover, as an ingredient 
used for the film-like plastic plate 12, it is 
not limited to these ingredients, and to 
the light, if it is an ingredient with high 
permeability, anything can be used. 
[0051] And as for the thickness of the 
film like plastic plate 12, it is desirable to 
be referred to as 50 micrometers or more 
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500 micrometers or less. Since it is 
difficult for this for film-like plastic plate 
12 the very thing to hold sufficient 
surface smoothness when thickness of the 
film like plastic plate 12 is set to less 
than 50 micrometers, when an organic 
EL device 11 is constituted, it is because 
there is a possibility that it may become 
difficult to maintain the good surface 
smoothness of an organic EL device 11. 
Moreover, when thickness of the film-like 
plastic plate 12 is made thicker than 500 
micrometers, it becomes difficult to bend 
freely film-like plastic plate 12 the very 
thing, namely, since the flexibility of 
film-like plastic plate 12 the very thing 
becomes scarce, when an organic EL 
device 11 is constituted, it is because the 
flexibility of an organic EL device 11 
worsens. 

[0052] In order to make it possible for the 
work function from the vacuum level of 
an electrode material to be large/ and to 
take out organic electroluminescence 
from an anode plate side, in order to pour 
in a hole efficiently as an anode material 
used for the 1st electrode 13 which is an 
anode plate, it is desirable to use 
transparence or a translucent ingredient. 
As such an ingredient, the oxide of ITO 
and Sn02 grade is used widely, for 
example. However, when the anode 
material contains oxygen, there is a 
possibility that these oxygen may be 
invaded and spread from the interface of 
an organic electroluminescence layer and 



an anode plate to in the organic 
electroluminescence layer 19. And when 
oxygen is invaded and spread in the 
organic electroluminescence layer 19, 
there is a possibility that the organic 
electroluminescence layer 19 deteriorates 
by this oxygen, it may originate in this 
and the endurance of an organic EL 
device 11 may deteriorate. Therefore, it is 
desirable that oxygen is not contained as 
much as possible in the anode material 
which constitutes an anode plate. 
[0053] So, in this organic EL device 11, 
the nitride is used as an anode material 
which is the 1st electrode 13. In addition, 
a nitride means the nitride which does 
not contain oxygen into this specification. 
[0054] As a nitride which can be used as 
such an anode material, TiN is mentioned, 
for example. When TiN is used as an 
anode material, since the adhesion of TiN 
over a film-like plastic plate (PET), for 
example, polyethylene terephthalate, is 
good, it cannot separate easily from the 
film-like plastic plate 12, and can raise 
the endurance of an organic EL device 11. 
Moreover, a nitride is not limited to this, 
the work function from the vacuum level 
of an electrode material is large, and if it 
is transparence or a translucent 
ingredient, it can use any ingredient. 
[0055] And as for the thickness of the 
anode plate mentioned above, it is 
desirable to be referred to as 10 
micrometers or more 50 micrometers or 
less. This is because thickness is too thin, 
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so it stops fully functioning as an anode 
plate when the thickness of an anode 
plate is less than 10 micrometers. 
Moreover, it is because the permeability 
of the light worsens and it stops being 
suitable for practical use, when the 
thickness of an anode plate is thicker 
than 50 micrometers. 
[0056] The organic electroluminescence 
layer 19 is equipped with the electron 
hole transportation layer 14, a luminous 
layer 15, and the electronic 
transportation layer 16, and is 
constituted, and it comes to form these 
each class in this order on an anode plate. 
[0057] The electron hole transportation 
layer 14 conveys the electron hole poured 
in from the anode plate to a luminous 
layer 15. As an ingredient usable as an 
electron hole transportation ingredient 
Benzine or its derivative, a styryl amine 
or its derivative, a triphenylmethane 
color, or its derivative is begun. A 
porphyrin or its derivative, triazole or its 
derivative, an imidazole, or its derivative, 
OKISA diazole or its derivative, the poly 
aryl alkane, or its derivative, A 
phenylenediamine or its derivative, 
arylamine, or its derivative, oxazole or its 
derivative, an anthracene or its 
derivative, and full me - non or its 
derivative - The monomer of heterocycle 
type conjugated system, such as a 
hydrazone or its derivative, a stilbene, its 
derivative or a polysilane system 
compound, a vinylcarbazole system 



compound, a thiophene system compound, 
and an aniline system compound, 
oligomer, a polymer, etc. are mentioned. 
[0058] Specifically alpha -naphthylphenyl 
diamine, a porphyrin, a metal 
tetra-phenyl porphyrin, Metal 
naphthalocyanine, 4, 4 f , a 4 n trimethyl 
triphenylamine, 4, 4 ! , a 4"-tris 
(3-methylphenyl phenylamino) 
triphenylamine triphenylamine, N, N, N 1 , 
N'-tetrakis (p-tolyl) p-phenylene diamine, 
Although N, N, N', an N ! - tetra-phenyl 4 
and 4'diamino biphenyl, N-phenyl 
carbazole, a 4 G ptolylamino stilbene, 
Pori (PARAFENIREMBINIREN), Pori 
(thiophene vinylene), Pori (2 and 
2'-thienyl pyrrole), etc. are mentioned It 
is not limited to these. 
[0059] In a luminous layer 15, an electron 
and an electron hole join together and the 
binding energy is emitted as a light. In 
drawing 15 , although the luminous layer 
15 is formed independently, the electronic 
transportability luminous layer which 
served both as the electron hole 
transportability luminous layer which 
served both as the electron hole 
transportation layer 14 and the luminous 
layer 15, and the electronic 
transportation layer 16 and a luminous 
layer 15 can also be used. Since the 
electron hole poured into the electron 
hole transportability luminous layer from 
the anode plate is shut up by the 
electronic transportation layer when an 
electron hole transportability luminous 
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layer is used, recombination effectiveness 
improves. Moreover, since the electron 
poured into the electronic 
transportability luminous layer from 
cathode is confined in an electronic 
transportability luminous layer when an 
electronic transportability luminous layer 
is used, recombination effectiveness 
improves like the case where an electron 
hole transportability luminous layer is 
used. 

[0060] As an ingredient of a luminous 
layer 15, that a cathode side to an 
electron can be poured in for an electron 
hole again and the poured in charge, i.e., 
an electron hole, and an electron can be 
moved from an anode plate side at the 
time of electrical-potential- difference 
impression, and organic materials, such 
as for example, the low-molecular 
fluorochrome and the macromolecule of 
fluorescence which fulfill conditions, like 
that the place which an electron hole and 
an electron recombine can be offered, and 
luminous efficiency is high, and a metal 
complex, can be used. 
[0061] As such an ingredient, an 
anthracene, naphthalene, a 

phenanthrene, a pyrene, a chrysene, 
perylene, a butadiene, a coumarin, an 
acridine, a stilbene, a tris 
(8-quinolinolato) aluminum complex, a 
screw (benzoquinolinolato) beryllium 
complex, the Tori (dibenzo ylmethyl) 
phenanthroline europium complex, a 
JITORUI ruby nil biphenyl, etc. can be 



mentioned, for example. 
[0062] The electronic transportation layer 
16 conveys the electron poured in from 
the 2nd electrode 17 which is cathode to a 
luminous layer 15. As an ingredient 
usable as an ingredient of the electronic 
transportation layer 16, a quinoline or its 
derivative, perylene or its derivative, 
bis-styryl or its derivative, pyrazine, or 
its derivative is mentioned. 
[0063] Specifically, 8-hydroxy kino 
RINARU minium, an anthracene, 
naphthalene, a phenanthrene, a pyrene, 
a chrysene, perylene, a butadiene, a 
coumarin, an acridine, stilbenes, or these 
derivatives are mentioned. 
[0064] In order to pour in an electron 
efficiently as a cathode material used for 
the 2nd electrode 17 which is cathode, it 
is desirable to use a metal with the small 
work function from the vacuum level of 
an electrode material. 
[0065] Low work function metals, such as 
aluminum, an indium, magnesium, silver, 
calcium, and a barium lithium, may be 
used alone, or specifically, these metals 
may be used for stability as an alloy with 
other metals, raising. 
[0066] In order to secure the 
dependability of a drive of an organic EL 
device 11, and in order to prevent 
degradation of an organic EL device 11, a 
protective layer 18 closes an organic EL 
device 11, and carries out the operation 
which intercepts oxygen and moisture. 
Here, in this organic EL device, the 



16/20 



JP2002-18246A 



barrier film concerning this invention 
mentioned above as a protective layer is 
used. And in this protective layer 18, the 
oxygen density is considered as 25 
volume % and uniform concentration 
distribution in the thickness direction of 
a protective layer. Since it cannot set to 
this organic EL device and the exterior of 
an organic EL device, i.e., the oxygen in 
atmospheric air, cannot be invaded and 
spread in an organic EL device by this, it 
deteriorates by the oxygen which the 
interior of an organic EL device invaded 
and diffused from the exterior, and can 
prevent that endurance worsens. 
[0067] As an ingredient used for a 
protective layer 18, airtightness is able to 
maintain, and the metal simple 
substance which can penetrate 
luminescence generated in the luminous 
layer 15, or its alloy can be chosen 
suitably, and can be used. As for a 
protective layer 18, it is desirable to form 
so that the organic EL device 11 whole 
may be covered, as shown in a cathode 
top, and not only the other principal 
planes of a film -like plastic plate but 
drawing 15 . It is because invasion into 
the organic EL device 11 of the oxygen 
from the outside or moisture can be 
prevented by forming a protective layer 
18 so that the organic EL device whole 
[ 1 ] may be covered. 

[0068] Specifically, Si02, aluminum 203, 

SiNX, etc. can be mentioned. 

[0069] The organic EL device 11 



mentioned above can be made like next, 
and can be produced. 
[0070] First, the 1st electrode 13 which is 
an anode plate with a thickness of lOnm 
it is thin from TiN is formed by reactant 
DC sputtering as a substrate on the 1 
principal plane of the film -like plastic 
plate 12 which consists of a PET with a 
thickness of 50 micrometers. 
[0071] And the organic 

electroluminescence layer 19 is formed on 
the 1st electrode 13 which is an anode 
plate mentioned above, the above - 
setting organic electroluminescence - a 
layer - 19 - an electron hole 
transportation -- a layer - 14 a 
luminous layer 15 - and - an electron 

transportation -- a layer 16 -- this 
order - a laminating - carrying out - 
**** although for example an anode 
plate - a buffer layer 14 • 1 an 
electron hole - transportation - a layer -- 

15 -- 1 -- and -~ an electron — 
transportation cum- a luminous layer - 

16 -- ' - this order - a laminating -- you 
may carry out . In this case, it forms 
anode plate buffer layer 14' and by 
forming electron hole transportation 
layer 15* and luminous layer [ electronic 
transportation cum ] 16* with vacuum 
deposition in this order. Here, anode 
plate buffer layer 14* is formed by 
forming m MTDATA [4, 4\ and a 4"tris 
(3-methylphenyl phenylamino) 
triphenylamine]. moreover, electron hole 
transportation layer 15* - for example, 
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TPD [ - N and N - diphenylN, and 'N, 
N* - the - screw (3-methylphenyl) 1 and 
1' - the - biphenyl -4 and 4 1 - it forms by 
forming - diamine]. And luminous layer 
[ electronic transportation -cum ] 16' is 
formed by forming Alq3 (8-hydroxy kino 
RINARU minium). And thickness of the 
organic electroluminescence layer 19 is 
set to 150nm. 

[0072] Next, for example, the AITi film is 
formed by sputtering in thickness of 
lOOnm on the organic 

electroluminescence layer 19 formed as 
mentioned above as the 2nd electrode 17 
which is cathode. 

[0073] And the barrier film which is the 
protective layer 18 with a thickness of 
lOOOnm it is thin from Si02 so that whole 
each class formed in the above may be 
covered is formed by sputtering. 
[0074] Finally, the barrier film which is 
the protective layer 18 with a thickness of 
lOOOnm it is thin from Si02 is formed by 
sputtering on the other principal planes 
of a film -like plastic plate. 
[0075] Here, the barrier film which is a 
protective layer 18 can be formed in the 
condition that the oxygen density was 
considered as a part for 25 volume % and 
uniform concentration distribution in the 
thickness direction of a protective layer 
18, by forming membranes, for example 
on the following membrane formation 
conditions. 

[0076] membrane formation condition 
injection power- - 2500W sputtering gas- 



-- Ar+02 sputtering gas pressure- 
lmTorr sputtering target: Si target 
substrate temperature: - it is prevented 
that the organic EL device produced as 
mentioned above about 100 degrees C 
penetrates a film-like plastic plate, and 
the oxygen of the exterior of an organic 
EL device invades and diffuses it in an 
organic EL device since the barrier film 
concerning this invention is formed in the 
other principal plane side of a film -like 
plastic plate. Moreover, since this organic 
EL device is covered by the barrier film 
concerning this invention as it covers 
whole each class which constitutes an 
organic EL device, it is prevented that the 
oxygen of the exterior of an organic EL 
device penetrates a protective layer 18, 
and is invaded and spread in an organic 
EL device. Consequently, it is prevented 
that degradation of the endurance of the 
organic EL device with which the inside 
of an organic EL device deteriorated by 
oxygen, and originated in this 
degradation arises. 

[0077] Moreover, in the above, in case the 
barrier film is formed, it forms in 
coincidence, but when forming the 
concentration gradient of oxygen by the 
ion implantation, for example after 
forming the barrier film, the 
concentration gradient of the oxygen in 
the barrier film is the following, and can 
be made and formed. 

[0078] First, the barrier film is formed, 
for example according to the following 
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membrane formation conditions. 
[0079] membrane formation condition 
injection power- - 2500W sputtering gas* 
- - Ar+02 sputtering gas pre ssure ' - - 
lmTorr sputtering target* - Si target 
substrate temperature: ■- the 
concentration gradient of oxygen is 
formed to about 100 degrees C, next the 
barrier film which formed membranes. 
Using mass separation mold ion 
implantation equipment, the 

concentration gradient of oxygen 
accelerates oxygen ion to 150keV(s), and 
injects it into a barrier film front face. 
Thereby, the pouxed-in oxygen shall show 
concentration distribution which has a 
peak near about 50nm from a front face. 
[0080] 

[Effect of the Invention] As explained to 
the detail, as mentioned above, the 
barrier film concerning this invention In 
the barrier film with which it is allotted 
between the fields which are two from 
which the concentration of a 
predetermined atom or a molecule differs, 
and these atoms or a molecule prevents 
being invaded and spread to a low field 
from the field where concentration is high 
A field is the thing of the thickness 
direction which is set up and becomes so 
that the concentration of the 
above-mentioned predetermined atom or 
a molecule may become high rather than 
the field where the above-mentioned 
concentration is high in part at least. 
[0081] That is, in the thickness direction 



of the barrier film, since the barrier film 
concerning this invention has the field set 
up so that the concentration of a 
predetermined atom or a molecule might 
become high rather than the field where 
concentration is high, it can prevent that 
the predetermined atom or 
predetermined molecule which exists in 
the field where concentration is high is 
invaded and spread to the field where 
concentration is low. 

[0082] Therefore, according to this 
invention, the barrier film which has the 
usable outstanding gas barrier property 
ability also in various fields, such as an 
electron device, can be offered. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll It is drawing explaining the 
process of diffusion of the atom between 
two fields which sandwich the barrier 
film. 

[Drawing 21 It is drawing explaining the 
process of diffusion of the atom between 
two fields which sandwich the barrier 
film. 

[Drawing 31 It is drawing explaining the 
process of diffusion of the atom between 
two fields which sandwich the barrier 
film. 

[Drawing 41 It is drawing explaining the 
process of diffusion of the atom between 
two fields which sandwich the barrier 
film. 
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[Drawing 51 It is a mimetic diagram 
explaining the condition of having 
arranged the barrier film concerning this 
invention between two predetermined 
fields. 

rDrawing 61 It is a mimetic diagram 
explaining the condition of having 
arranged the barrier film concerning this 
invention between two predetermined 
fields. 

[Drawing 7l It is a mimetic diagram 
explaining the condition of having 
arranged the barrier film concerning this 
invention between two predetermined 
fields. 

[Drawing 81 It is a mimetic diagram 
explaining the condition of having 
arranged the barrier film concerning this 
invention between two predetermined 
fields. 

[Drawing 9l It is a mimetic diagram 
explaining the condition of having 
arranged the barrier film concerning this 
invention between two predetermined 
fields. 

[Drawing 101 It is a mimetic diagram 
explaining the condition of having 
arranged the barrier film concerning this 
invention between two predetermined 
fields. 

[Drawing 111 It is a mimetic diagram 
explaining the condition of having 
arranged the barrier film concerning this 
invention between two predetermined 
fields. 

[Drawing 12l It is a mimetic diagram 



explaining the condition of having 
arranged the barrier film concerning this 
invention between two predetermined 
fields. 

fDrawing 131 It is the mimetic diagram 
having shown the concentration gradient 
of the ion notes Irihara child at the time 
of performing an ion implantation to a 
macromolecule substrate. 
drawing 14l It is a mimetic diagram 
explaining the condition of having 
arranged the barrier film concerning this 
invention between two predetermined 
fields. 

drawing 15l It is important section 
drawing of longitudinal section showing 
the example of 1 configuration of the 
organic EL device which applied the 
barrier film concerning this invention. 
[Description of Notations] 
1 Field A, 2 Field B, 3 Barrier Film, 11 
Organic EL Device, 12 Film-like Plastic 
Plate, 13 1st Electrode, 14 Electron Hole 
Transportation Layer, 15 Luminous 
Layer, 16 Electronic Transportation 
Layer, 17 2nd Electrode, 18 Protective 
Layer, 19 Organic Electroluminescence 
Layer 
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i-5/<yTJK»c:i|-r5. 
[0 0 0 2] 

lis. ®=>*Mfcv K y ^i** 1 

rtw^RfcatSftfrUM*"?* ftt\ « ©FolSasfc*. #J 
Jttf, 2-251429 #$fc«*»4*W¥ 6-12 



£ - 

4 7 8 5*4*«Ttt, tiELXfOKEi LTKAT- 
*EL S*T«>*K^f-7-f/u^Sraia 

[0 0 0 3] 

io K?r#*^ y rmt Ltiiiois^xtt^.ogA; it 

7— hv<y^- ^fc*5^TJSV»b*vCV>*. -tr-e, m 
=f-*f/<y( x (Dfrmzis v >T t> , ±xE Lfc J; 5 4 y 

i t^«*btt*6«>TV^5. Ld>Lftjose>. «*.ffiS^ 

\ -tttt>*>. ft#ft 
n°nSC£5t«-f-* £. t #T*fBfc«xfc;lf y Tttig£«i 

fc*. 

[0 0 0 4] LfeiSo-C, JixBbfc^3tE©H 
[0 0 0 5] 

30 »i-5CtSrKihi-5^yrS«w*sv^T x V^j(ri«ao^ 
[0006] 44mic4R8^<y TJStt. y t^oji^ 

0*v^«H^J: 9 t>^^M ; ? L ©iSS!O s jg< ft* * 5 CR 

40 4i-*iSSwiS^®«J: 9 tWtwKMtt^ot* 
*s;S< ft* ± 5 KRK3*tfcff£;HEI-t'S i i * 5 -e# 
ftv\ -t-ft^*>. »*©!Bv^««»!:#«Ei-«S(f3t«)iSC^ 
«:» ^y T)KSrSi§i-*-i:d s T?tft^ 0 
[0 0 0 7] Lfc#ot; 3f^©^(0jgS<^KV^'|l^ 

[0 0 0 8] 

BBiB*r#JBUT»JNBKtftWi-*'. ftfc\ JUT 
so ©WclRSSixSr fcf4ft<»_*5BW©5IBSrJftKUft 
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^-tB&fBi-?.. ) .» % 2o©£RJ£©9^E>r3£©EW-©ig 
*©!Sv^«**»fe» Sg©<£v*g5«~gA • ift^-r-s^ 
i«rWil:-t-5*&Sr*ilt5. d©»£\ /<y7l£&tf 

£&©«): 5tc:Ul^$tu5o fc:fc\ -wX, £7r)£©2oer> 

SHig A t f»£ B ioffljlc^y 7l*si£ £ frT 5 1> © t 
[0009] 3=1» , El l K^-f i 5 t-ttStlS^F-^fB^A 

<D^-mc\cmvtcitmm^^ Ei2t^-t-j:5»-E*>»r 

fS^EAt^y 711 itf>#EC-Sr@j@U f«£A{B!l©/< 

yrKi*s^»tiiiti> 0 rw^fc-jSKfeffcis^© 
14, ««A«o/<yrKiaiBteitiWR^-«s*»-t-«r. 

f4, <<yTJKl £ffttB£0jH6-DK:£lHt1-<5. C1©j® 
8*r— JftteJMKiBaiv^. ;:©iiSfc*JV*-c 

«\ ®^B{fflo/<yTigi*ffitc?imLfctefcis^w t t 3 

tcf4, ■ 3 ££/<y 711 1 £Si«SBi©#iED 

5„: . . ....... ,, .. ......... 

[0011] i©*Mftf±*«*^.«*t«Tfa!)5*S v 

Tffi«AA»b««B^iiaRbTV^<JI!C^oJ(M!ti*Ma 
fc!?©Sf±-j£i:fc.5 0 

[0012] ::-e, 0i^Lfci 5^-^t£^*5^t 

[0013] 

(Weil 

Q = -D ( d c/dx) 

[ooi4] vtvrnm) ■■• 

(d c/dx). fc*fc«U-*©A.**K:jHL-Ctt,. 
[ 0 0 1:5 L* /< y ^fflffl K$sv>"C— #©#B5C 



4 

a»bte#©#ED~&fi:JI^©tt&£65Cfc©lc, #35 
. ?U»C«*3/<y7ll»4, ^yTJSl©J?**|fiilJ:tiV^T 
g|«Afc:*stt J: 9 t>, fttfUKT-e&ft 

[0016] -Ht*>*>, .*«WK:«5/< y 71 1 
B¥£eff?-fcH LT/< !)7jgl ©@**|ojfwii UCffifi 

*©fc©, ««A35»6>/<yT«l«fK[RA-a«tfc]B 

is«B t^y 7i 1 1 ©if.Efcsi^t-5 r t as-ct 

[00.1 7] *&&Uz&?>s<l) 7*1 ^©0^ 

t^!)7ll ir©#EDSr^igLT, ^y7llfl-lc:# 

itsr tas#^t>©£-r.5 0 :htt, ^y7ffisi«f© 

2<> -S\ ^xff^y7ll£J;3{gA-&f^±w##!ifc 

4 5 ©SttS:/S^tS^B--eA • J«LTU4V\ AH7 
ll Srfflv^?ai^{S^cL-CU^5^fc-Cfe5. 
[0 0 18] ^©J;5^y 711 t LT»4, «-«r©^ 

[0019] .iWA.ti v *»Wfcfli5/< y 711 (D-ffiffc 

El 5 tt, fe»§Sih©*t^t^5i£®:/lT-*5Ff3& 
.©•ft^lttEitsm^Ai'^ IS^AJ; !?...t>ftt»m-^©jg 
30 ftjPftb ^JgEB t ©P^c^PJ4r®ffl bfcy^ y jjg i ^ 

[0020] ^rb-c, ^©^y Tint; ®r^©tt«:i^ 

fi, fi^Ai^^lfiltoSlc, i-**>*)«*A« 

. ©^<y 7!i.£ffifc*$^-cn, 0f«©a««^Kisv''T 

.«*AJ:9fc»ftis«<, *i*»fe/Vy 7ll©jg[** 
>]»c:*jv>t^b*(6]{c(6]^o-c, gff^©itt5:^©S 

40 .s*iWp.uTu^#, /<y 7ii tmmB,t<D&m. -rtt 

^*>^Bfi3l©^ y rl 1 *®"C(4, |R«A «t y) \>wfe 

1002 11 t LT., El 5 fcttlrt-Ctt, m®AKft&1- 
5teiS:^«, ta«cAi:/<y 7ll tcD^BC^®-r5 

-, A(iy ©/< y 7i i mm \c&&m*&mte-t;z £t «t 9^ 

:.:±.C^SS^iei^oX, "A y 71 1 ifei'i *Wifc»itr- 
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[0 0 2 21 L*>Lfc#£>, z.o>'<»Tmivte, fcfcfe 
t iSeSttlUKT-lcH LT'< li Til ©J^^filcts^x 

JgEAKSA • tt»i"Sw b&X%ft^itlt>. ®^A^b 
«(# B I^SA • \m-t% Z. b # Kit $ *T,5 , 
[0 0 2 3] *fc, ^yT^l^fe^M^f-^HbT^y 
1 ©J*^:£ftfc:fc^TMJ£©^*^E£:fri-3<i!l© 

tt, ®«Ai/<y7ll tOlfEC, -f-fc*>t>«ig6Afl!l 

©✓< y 71 i *ffifc:*5i^-a±. mfeow&w.ttte^x 

la^AiB&IU^WjgSSr^rb. -td TBI 
^*t6Hw*sv>T®*ltB*iBjli:iRid»oT. jjfrJfeofefcJSW- 

©jgaasitJov"^^ /<y tjki t^Bi:©^®, 

i-/«et>*>fBJ^Bffi!|co/<y TllSIfll fl^AJ;9t 

[0 0 2 4] •?:bT > |§16^tJV^TH, A 

fc; mt$,AW<D;< y 7J8I l.*ffi#B^3feO*l»St*fc**v^ 
T««Ai»R*©»*«r#i-3fc©, ®«At^y7 
II i©#ffiC£igii U 'KKtAHO^il 711'MK 

LfcdS-oT, rw/<y TJKl Srfflv^wt^J:!?. SMS 
A^##-t-5i£»^* 5 IS«B'-«A • itifci-sr b& 

i&itsns, 

(0 0 2 5) tfe, ifEfctsv-ctt. ^<yr)Ki<oJ¥^- 
y rat.i'Kiaif^T': fi»jx«is^Bfl!i<o^y rmi <omm 

ES5r^^T^Bffi!»c:eA • ffifrt-S&ifc 

tfiV Effii t> i>m®BW<os< y 7i i ©ss^est/ 

EBBi y 7*1 1 IM«B «bffSD £ ©Sgfii: ©£& 
'^©J:5>*EiBtr«*fc|«BfJ|CW««Blc' ' 

[00 2 6] Lfc*5oT. ttfMll^CfiWttB^OftA ■ 



5 

ffi&£r$£fll-6£it-r'5fc«>»;r > /<y rBIl ©J¥*:£I^i]^- 
:lo^7.5 E®©<£Bti\ EE£M;lfc&&IS?^f ©&«£?! 

©#ED t EE* ©Sgffii LTfc5t1-£> £ b fttt 

mxh*. 

[00 2 7] ±&Lfci£»I^-©igg£lE£*-t- 

io iE ufcj^w^fciE, i-^fc*,, /^7ii oim&jj 

ft\zt$\,^x i mt$.A\cio\fZi&Wtm i F<o&m£<oi>. itfft 
iSi^ ©^©itb^fg^fc^i-*-'* U7I1 £«J* tt t 

[0 0 2 8] MxfiE7tc^-f /<!> 

tSlgla, lb, 1 c, 1 d t04l©I«I$^ 
T^^nTV^Tt-ftVV Sfcx r©©-£\ ®*gcAi:/< 
y TKI t©M^, St^lB^Bi^^ y 7JS1 t<DB5^, 

[0 0 2 9] -t Ut> ^y7JKl^J;t)|S^A^e>tR^ 

[0 0 3 0] -tteib-h, 09*.tfH8K..*i-J: ^<y 

so 3fe©»*^Eif±s AfM9K:aWiKA2:/<y 7Rl b<o 
#®c, i-*iat>«ijrA«l©>*y-T*li*BSfc*sv^T 

d>f>/^ y rBSl ©J¥^*ifijJw*sv^®%B^ifii-U:iBi*»o 
T, tttii!^-7-X©S^i s l#^)P LTV^, /<JI7lltf 
^BtO#®, i"^fc>*,fli^B{a!l©>^y7H^f5-e 
|±, »«AJ:!?tltitW-?-X©»A*i«<*«*«43E 

*{W5fctt««At/<y7ii'i'-i©ifffic, i-ftte 

•t.ia«AflO©^yTMtl*tBfc*SV^Ttt»'- WfcK^Yfc 
40 -*5V^T«*AJ:9t««*s<S<, trH^^mo 

/«Cfe*>««B«!l©^y7JKl^E-Ctt, ««AJ:*)tldt 
*«^-Y©aiA!PaS<-<C5«$43E-CfcS. /<y7ii 
£© Vt 5 4*rtii-5£i .K"J:9i ^<y7J^l lit 
ItttJB^-XXt/ltlfcW^Y-©' 2«S©fei^®^-©®«A 
*»6>fg«cB^©«A - tt»SrKltt5ri*5^5. 

I o o 31 ] *' tic, .1 Ji©/*-y.-T»r»c*»wJift* 

so -t-H^^/iiiltUcM^-fcBa-riS^ESr^i-i 
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[0 0 3 2] -tttib-h. MZ-tZm 9 \Z7ji1-£ 5 fc, /<!J- 

<ffl©/< y 7K i *®u:*5^-m. Wimm+xizts^xm 
anuria, tiki ifg^Bi:©^®, -t-fc*>*>|g. 

jKiirco^ffic, -tf£t>*>m®AW<os<i) rmi&m\z 
a^xn. mmfY^^^xmi^Atmm^v&^v 

<, -trd>6.^yTJKl©Jf:^[6]^*3VNT|a««B*-(6j 
[0 0 3 3] Sfc, *3BWfc«<5/<yT«I©tt©*|« 

«t ut, la i o o >&/< y 7K i fc*rr n i 

Bioii, a*8fcifc©^i^tfclMS«-!9S 
,JIS»»*-c#tti:SflW«A.i % ffffAJtfi MOW**- . 

OiK#ttVH«B i ©WK:;«SW£aWB y TBI 

l *»B&ix» tt^A^fetHJKB^oBf^otttWR^oft-- 

[0 0 3 4] -tux, ro^yrffltitt, BT£©tt»!SC 

JRl ^©^ffiC, _i-**3*>««A«©x<aTJBIHEfl5A> 
©kfUSW-fc*sv*-C*«A J: 9 t>W^^BfSo*&-*lti 

[00 3 5] -t Lt, El 1 0^*3^T«. fg^AtdfiRt . 

•tZtmD&H*. «*Aix<yT«i i.o»iBCfci6b 
Tt>. OTKAflS©^ 71 1 *Ii#Mjfc©ifcfltJK*fc# 

rm 1 1 ©ifffic srSii u ffl*A{w©/< y tjr i 
.3&#cl!ji^fi> «KA*»'fe/<y TBHirtlcSA-- JMRtV. 



(5) 

[0 0 3 6] dd-c, ^yrKiti* ^j7«ioff* 

*|Slfc*JV>T|i«Ai^yT^l £©#ffiC % -tt£t>*> 
IB« A<l!)©'< D7I1 gES*> f>IS«Bt/^7Slt© 

i?-e> -rft*?*>f«gEBffi!i©^y tjki^s*-c, £t© 

<4®fw*i^TM^©ffi»^^*5^T^A i t) t>i§^ 
j^j£©*&-@£££ii,5&gf±&v\ i"/«C*3*>, ^!)7 

mi<Dmfrijfa\zio\,^xm®AM<o'<yTmi&&fab 
ffimcDGLmtLx. -rt£frhmfe<»m%-tcvm®A x r> t> 

7&V"ffife<f>&$Lk £4x*i»f&v\, ffi%.<om*k 
»o fi. •|g^A*>>©Bff^©Jg^-©eA • &»£5£llt£E&it 
T?#5IUE©J9*£^5. 

[0 0 3 7] r©^y7Ki©i^l:J3^T^< 
y 711 \ZX 9ia^A*^^B'-©eA • StlfrdSB&JLt 

SiilU^ **©*MSWT-©«A • SfcSi:5rKJh-f-5 
[0 0 3 8] i-fttei; 1 ? fc. /< 

20 Bfft©a«W^Yk:B8-*-*Bf^©»Ai:Sr*-*-.6*j«i: 
ktt* ««Afc*jrJSltlt]IS(^F.X©«*J:9t>iKv^ft 
&A\ZjS»Sji£1&ft*Y<om&£ 9 t>JSV^^T*>5. 

«i fcj: oa^*x»imt!t«*Y©2««©iaws 

^■©««A3i»b«*B^©«A • tt**»Jh.-f Si tifi 
.{.0.0. 3 9 ],$ 6>lc v . 1 m<Oy< V. Tflt.l : fc*»©Hft.<5 

[0040] tm> mz-txmi 2»d^-r<t 5»-^ ^< 

y 7^1 *s» -JSf38f©l£*JW-T-XK:.BB LT@f^©Sf£Sr* 
•tzmi M5£©t£tfc®^-Y(cMLTB'f^©ig*Sr 

x?. 14»^X»cH-t-5Ff^©ig«i:tt, fS^AfcfcMt 
*it»«l*X©»«J: 9 t>Kt^«ltT?*>a. tttt 
« .^Y^|§i-50fS©S«^tts fg«Afc*5»t5StftiS 
^Y©iSffJ:9t>iSSV^ST?fe5. 7gl Srw©i 

© 2aa©jt»w^-©««Ad»fe««B^©«A • Jt» 

[004 1 ] ±3fi Ufc0<J[i, ^< y 7.K.1 S:»j«-f 

- • ^©i^^Ey^jft^KfcV®^*^.^^. w©> 
50 y i k bTjf, 0»jtw; a«©^f.y.TK 1 > 
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[0 0 4 2] 013^ iS^««^MtTW^-vaA 
[0 0 4 3] 1-fcfc>*>, tf&ttHI 4fc&-f-J:3£* @f 

i Sriij^-t-sr k&-?%Zo yr nit Bfrjfe© 

ttttflC^fciav 12 1 4 fcjjWJ: 5 4*D«»*^*«r 
^bTV^5„ AfM&Kitt, r©/<yTffiSlf±, 9«Ai 
/<!)7lli:©*ffiC, i-fcfc>t>«WsAfl!l©/<!J TJgl 
*BBi»fe^y TKl©ff**l«ilteaav^TBfJfe©FaB*-C 

< ft o t ^ < Sg^ffi 

[0 0 4 4] *Ut. 0 1 4l£:fc^-Cf3u a^AK:^ 

Ttig l tOlf-ffiCSrSjlb, fW£A{B!)<ZV<yTBIl^Jf 
K*£tt&tf:i2:as-?£ftt\> 1"ft:b*>, -gg^A^#ft-T 

3 r i (cj; •) „ #mDS^35SiMgcB~gA • - 1 

jPB&Jh&htS. 
[ 0.0.4 5.1 ;«jfctf^£fl9ii^*jK«J|-Cife 

m<D&*T- tSKtRTJlfU'J: 5 i-T5#^»i:f±, iSBL-fc : 
0iJfc:fi*rC%;l3£v fc**©****!*; l«&2 0#« 
%-C$)5<o-C. fg^Acogr;£c9ia&!^©^a 5 B&2 0 

flc«%t^5ri:»cft?)o l-ft*>*>; *^»c^^/<y 
yT^Sr^^^yTigiwff^rsn-^^T, 

[6o4 6]:iroJ:5ft^£i1-3cifc<fc^:*:^ l P 
rt>, ^{airo^yT^ffi^^tfj.tijfcisv^^jg 

' trjaV^a i i: let 9 , ofeSSJS^SW^eA • 



(6) 

[0 0 4 7] Sfc, ±x&L.fc<fc ote/OJTmtt. MZ-t£ 

[004 8] HI 1 5 14, *&Wiz&Z>s<VTm&&&x- 

[0 0 4 9] #glEL^l 1 tt\ 

Ml 3-efe^|g®±>C^$^^EL^l 9t« # 
aELBr9-Lfc7&££*tfcSj|2©i£l 7-Cfc5lt@ 

f 2^11 7t?fo5l^feRTJ5^EL^l l£S 
5<fc 5Mc^j££;h,fcG^Igl 8Ti>5A!)7^t, 7^ 

[0 0 5 0] V^^^f^f-y^WS.! 2 rt\ 

W9*+v9W&\ 2±tC#«lEL^l lfe«J*f 

Ltli, Mx.fiPET (tfy^i^x 

jjUA.ytT'yX'l-ytmtel 2M^4*mt LTI4. 

S©^©H^*t^T*feHfJ{5m© t CD tffl V * 5 £ t *S-C 

[0 0 5 1 ] ^-U-C, A'k.ft.-7 : 7* s }-v9WSL\ 2 
coff^tt, 5 0// m^± 5 00 m mE^T t -fZ> - t frfr s 
^LV>„ ; r*tf4v 7 -f ^^7*7 ^^.S/ ^StR 1 .2 CDJ5 

V^c*. ^tSEL^l lSr^bfc^lC, tffiELS 

t 1 1 <D&#te¥-m.&*mn-tz r t &mm\zti -.zmtf 

2 coJ?^Sr 5 0 0 /i m i •? tff < Lfc^&tCfi, 7 /V 
W7^fy^««l 2 iflJSriitcftlfsr t^s 
iUwfts. irfi^y ^^^f^^f-y^WS-i 2 g 

LfcBSK, *«EL*?I l copT^ttiS^<ft5^e>-C 
40 fe5„ 

[0 0 5 2] ii^^flfgl 3»d^-5B§@W 
Xffil|litt*»&©ft»B8****'<\-.*fc; BM»W*»fe* 

• <ffl^^t > i^Tt^5o U*»Uft*s-fe» ■BMi*t«''a J lt*** 
so UT, ^*5^r«KE 1 9 *K{§A • UttS: Lftm-S. 
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xtmE Lm* 1 1 nmMkwisik ?s* 5 *> 

7K iMI*s**ix-cv^4v^i:*s#*U\ 
[0053] :©tiELi?i i vtt, mi 

[0054] :<oi5WfllfiUI^:i^ 
ZZmtVob LTMk #J;if*T i Nj&sagtffeJv*. T i 

(PET) »C^i-5^«ttA5^^fc«), 7 -f /PAsR:/? 
*^S>*X«1 2:o»&«!WlJ*<» *«IEL^1 1 CD 

.{0 0 5 5] ^LT, ±3£LfcSgg©J5*tt\ 10 /im. 

[00 5 6] #tHE LI 1 9 tt, jETLM^I 14t, ^ 

?>*S*r ©H-eHMS± $ tux 4 5. 
[00 5 7] jETLNti&JI 1 4 tt, »KA»bPA*nfcjE 

TOMmfc uttt, ^y-^yxiitoiif, *^y 
*-*mrrs— ^x^t<ow^. xvtv —>\>t>\>ij 

^fc^fgco^s^tssco^y--^ *y=^ #y 

bit*. 

[0 0 5 8] ^ffrfttCf^ a-t7f/V7i=^75 
jK/v^^ y >\ ifeJR-r h^73i=.>'i'xKyV7-i' y >\ 
Mt7^o^7 = V. 4. 4' ..4" - hJ^f/H: 
!)7x=/V7?V, 4, 4' , 4" .- HJ 
^7iiyi/7x=;U7S7) MJ7i=/V7 5>-) hi) 
7i=/l'75V ( N, N, N' ,-N.' -f l7.*A (p. 

-hy/v) p-7i=i/yt?75y, .n,:,n-. ! .«n' , 
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N-7i=;i/*;w</- 4 — v>— p — Ky/UT5/ 
(^^^fcr^UV) , tfy (2, 2' -fx^/Pt' 

n-/v) ^as^tf fetus iK zfrb\zmmZftZi><DX' 
[0 0 5 9] $g)tJil 5 -CH. m^tiE7L* s iS-g-tT. 

Nti£A-l 4 b&ltm 15 t £&fefcIE?ltli£tt3g3t/i 

o m+ftimm 1 6 tastes 1 5 1 z&ii-ttm+mmk 

[0 0 6 0] Sgftgl 5<0*t^-i: Utll, mflEEP*^ 

8Ms#i«^ - km<D&W>kffifr LTV £ 
[00 6 1] LTJi, WfcH.TfhT' 

^/v<^, ^y^ (8-=¥/y/7h) 7:/vr$-!7A^ 
^s .tr^. Hy/^f/!),/7h) <<y ..y^.-A<Mc % . f> y 

[00 6 2] S^^j^® 1 6 »±, Mttt-PASJH 2 1 
MSMI 1 6 <DUnt LX&ft-*Smti:tt®h UT»±. y 

[00 63] ^6*jJCfi % 8 - t Kn 4r > V ^7^ 

> $ = -7^, 7vh7ty, t7^!)y, 7.ity|«u 
x.fv'y, tJ'y-trv, ^yuv, -^^^^y, 

*W fetv5 0 

[00 64] 2 «ft 1 7 fcffi.l/>5|^g«-3(B|- 

t LTf±, .^S<m^-SraA1-Sfcii?)lc:, mw© 

.. [0.0.6 5] Aflr6<)»vf*x ■T/l'Ss^.Av -f>-.b^A v 
. ^^*>!7AWffi; *yP->17A. ^ A.y^,!7A^v7)' 
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[00 6 6] i 8 tis L^H- 1 i rofggxo 

yrJK&ffl^-ci^So -tut, 8»d*5V^-C 
t*9-*'»ft5>#t**txt^a. rails: £9-. z<o^m »o 

[0 0 6 7] #^i 8icffi^ib*b£*mi l-tw:, ^ 

iiiKLTfflv^ ifc&/I18ti\ 
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